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Abstract: A total of six beams have been tested to investigate the influence of FRP sheet on the mechanical behavior of 

concrete beam with different FRP sheet width. In addition, the failure mode of the concrete beam and FRP reinforced concrete 

beams were also studied by numerical simulation method named Realistic Failure Process Analysis (RFPA). The results indicate 

that, the loading capacity is increased and maximum deflection of the concrete beam is also increased with the increasing of the 

FRP sheet width. Moreover, the interfacial debonding easily propagates along the interfacial concrete layer at a load that is below 

the estimated maximum strength of the FRP-strengthened structure. The maximum strength of the FRP sheet in the experiment 

was not achieved due to the adhesive layer between the concrete and FRP sheet was not strong enough compared with the 

numerical simulation result. It showed that the FRP sheet width was considered to be an important factor influence the failure 

mode and load capacity. So does the interface between the concrete and FRP plate. 
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1. Introduction 

The use of Fiber reinforced polymers (FRP) for 

strengthening reinforced concrete was utilized in construction 

with their excellent mechanical properties of its strong 

plasticity, corrosion resistance, tensile and fatigue level [1-3]. 

This provides an excellent material to take the tensile force to 

strengthen concrete structures in flexure [4-6]. Many research 

works have been conducted to investigate the flexural 

behavior of FRP-reinforced concrete beam [7-8]. Regarding 

flexural strengthening, some test results had shown that beside 

the classical failure modes, such as concrete crushing or 

vertical shear failure, bond failures can occur at the interface 

between the externally bonded FRP laminate and the concrete 

element [9]. For the failure mode of the FRP reinforced 

concrete beams, the interfacial bond failure, occurs before the 

full strength capacity of the laminate can be developed [10]. 

Teng studied the end cover separation failure in RC beams 

strengthened with near-surface mounted FRP strip [11]. A 

review on the bond behavior of FRP NSM systems in concrete 

was investigated in [12]. 

Some researches about the failure process of the FRP 

reinforced concrete structure had been done by authors 

[13-14]. Based on the earlier published studies, one of the 

objectives of this study was to assess the influence of FRP 

parameters on the performance of concrete beams 

strengthened with FRP plates. To achieve the objective, an 

experimental program is implemented where reinforced 

concrete beam were fabricated, strengthened with FRP 

laminates, and tested to study the failure mechanisms and the 

effects of FRP sheet width, moreover, compared with the 

numerical simulation results. The test data and numerical 

simulation results would provide valuable information for 

both research and design applications. 

2. Experiment Study 

2.1. Layout of Experiment 

The behavior of plain concrete beam and concrete beams 

strengthened with externally bonded FRP sheet were 

investigated experimentally. The dimensions and 

reinforcement details of the two type beams have been shown 

in Fig. 1 and Fig. 2. Six specimens consist of two plain 

concrete beams, four FRP strengthened concrete beams with 
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same thickness and length but different width of FRP sheet, 

were tested under three-point bending test by the 

microcomputer control electron universal testing machines.  

The load is applied in the vertical direction with the 

displacement-controlled loading scheme. For the specimens, 

w1 indicates the FRP width of FRP reinforced concrete beam, 

B1 indicates plain concrete beam, and W1and W2 indicate the 

FRP sheet width are 25mm and 50mm, respectively. For the 

FB-W1-1 specimen, it indicates the first specimen (-1) with 

the FRP width of 25mm (W1). So do the other mark number. 

 

(a) Plain concrete specimen 

 

(b) FRP reinforced concrete specimen 

Fig. 1. Concrete specimen dimension and loading condition. 

 

Fig. 2. FRP reinforced concrete specimen. 

2.2. Test Results and Discussion 

Failure Mode of Concrete Specimen. The failure mode was 

different for the plain concrete beam and FRP reinforced 

concrete beam, as shown in Fig.3. In the figures, 

B1-1indicates plain concrete beam, FB-W1-2 and FW-W2-1 

indicate the FRP sheet width is 25mm and 50mm, 

respectively. All the beams exhibited similar linear behavior 

from initial loading up to the occurrence of the first 

microcrack. It can be seen that one dominant flexural crack 

locally instantaneously occurs at mid span in the bottom of the 

beam, and progressed rapidly to the direction of loading point 

with the increasing of load displacement. 

For the FB-W1-2 specimen, one dominant flexural crack 

locally occurs at the bottom of the beam near the midspan of 

beam and the debonding initiates and propagates from the left 

edge of the FRP sheet. For the FB-W2-1 specimen, some 

spalling occurred at beam bottom near the midspan. 

In the experiments, the interfacial debonding easily 

propagate along the interfacial concrete layer due to the 

induced adhesive shear and peel-off stresses existing in the 

interface between the FRP plate and concrete, these stresses 

may cause premature failure at a load that is below the 

estimated maximum strength of the FRP-strengthened 

structure. The adhesive shear stress cannot be measured 

directly through experimental, the related research of adhesive 

shear stress value was introduced in [15-16]. 

 

(a) failure pattern of plain concrete beam 

 

(b) failure pattern of FB-W1 concrete specimen 

 

(c) failure pattern of FB-W2concrete specimen 

Fig. 3. Failure pattern of the FRP reinforced concrete beam with different 

FRP sheet width and plain concrete beam. 

Load-displacement curves. The structural 

load-displacement curves obtained by the experiment for the 

FRP reinforced concrete specimens with different sheet width 

are compared in Fig. 4. It can be seen that there is no obvious 

linear behavior from initial loading up to the occurrence of the 

crack for all the beams, all the beams exhibited nonlinear 

load-deflection characteristics. But the ultimate load and the 

ultimate strain of the specimen were increased with the 

increasing of the FRP sheet width, it due to the different 

strengthening effects to the beams of the FRP sheet width. 

Obviously, the maximum tensile strength value was not 

reached for all the specimens; it due to the adhesive layer 
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between the concrete and FRP sheet was not being strong 

enough and the existing of the adhesive shear and peel-off 

stresses leading to the premature failure of the beam. 

2.3. Comparison BBBBetween Experimental and Numerical 

Results 

Fig.5 represents the numerical simulation results conducted 

by the RFPA3D (Realistic Failure Process Analysis), for the 

numerical simulation results, no slip allowed at the interface 

of the bond, namely, there was a perfect bond between the FRP 

sheet and the concrete. The detailed descriptions about the 

FRPA have been given in [17]. The load is applied in the 

vertical direction with the displacement-controlled loading 

scheme. For the plain concrete beam, only one dominant 

flexural crack locally occurs at mid span, but for the FRP sheet 

reinforced concrete beam, more microcracks produced on the 

concrete adjacent to bond surface, It showed that the 

numerical simulation result is perfect due to the adhesive layer 

between the concrete and FRP sheet was strong enough, but a 

high peel-off stress may cause the FRP sheet and concrete to 

separate as a unit from the underside of the FRP 

reinforcement. For the experimental results, the premature 

debonding mainly occurs due to the weak bonding layer, as 

shown in Fig. 4.  

 

Fig. 4. Load-displacement comparison curves with different FRP sheet length and plain concrete beam. 

 

(a) plain concrete beam 
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(b) FRP reinforced concrete beam 

Fig. 5. The failure mode pictures for the plain concrete beam and FRP reinforced concrete beam simulated by numerical test.2.3. Comparison between 

Experimental and Numerical Results. 

3. Conclusions 

An investigation into the behavior of plain concrete 

specimen and FRP-reinforced concrete specimens was 

presented. A total of six beams were tested to study the 

influence of FRP-sheet on the failure mode and maximum 

load under three-point bending test. It can be found that the 

addition of FRP sheet increases the tensile splitting strength. 

The FRP sheet can greatly enhance the tensile properties of 

concrete and improve resistance to cracking. The ultimate 

load capacity was increased with the increasing of the FRP 

sheet width. For the numerical simulation results, more 

microcracks produced on the concrete adjacent to bond 

surface with the increasing of the FRP sheet length.  

From the experiments and numerical simulation results, it 

can be concluded that the interfacial debonding easily 

propagate along the interfacial concrete layer due to the 

induced adhesive shear and peel-off stresses existing in the 

interface between the FRP plate and concrete. The maximum 

strength of the FRP sheet in the experiment was not achieved 

due to the adhesive layer between the concrete and FRP sheet 

was not strong enough compared with the numerical 

simulation result. The debonding failure mode mainly occurs 

in the experiments. 
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